Experimental
platinum. Images were taken using a secondary electron detector, at an accelerating voltage of 5 kV. Element mapping was obtained also using the same instrument with the samples pre-coated with a 3 nm layer of platinum. The analysis was carried out using a back-scattered electron detector, at an accelerating voltage of 8 kV.
Transmission electron micrographs (TEM) were obtained using a FEI Tecnai TM G 2 Spirit instrument at an operating voltage of 120 kV. The sample was dispersed in ethanol and placed in an ultrasonication bath for 5 min. A 7 µL aliquot was then dropped cast onto a continuous carbon coated copper grid, and the sample air dried before imaging.
Small Angle X-ray Scattering (SAXS) measurements were performed at the Western Australian Small Angle Scattering Facility within Curtin University. The instrument used was a Bruker AXS Nanostar SAXS system with a copper anode in a sealed tube for the x-ray source (the operating wavelength is 1.541 Å). The system makes use of a HI-STAR detector, which is a two dimensional xenon gas wire detector (1024 x 1024 pixels). The detector is positioned 22.5 cm from the sample stage yielding a q-range of 0.03 Å -1 to 0.85 Å -1 . Given that the samples are isotropic, the two dimensional data was reduced to one dimensional data by averaging the radial direction with the commercial software. This presents an intensity profile as a function of the scattering vector, q.
Nitrogen adsorption-desorption studies were performed using a Micromeritics TriStar TM II 3020 system. The samples were outgassed at 200 °C for 16 hours prior to gas adsorption which was carried out at 77 K. The specific surface area, S BET , was determined from the linear part of the Branauer-Emmett-Teller (BET) equation (P/P o = 0.05 -0.30). The pore size distribution and pore volume were evaluated using the Barrett-Joyner-Halenda (BJH) method. The total pore volume reported was taken from the amount of gas adsorbed at a relative pressure (P/P o ) at 0.990.
The palladium content in Pd/SBA-15 was determined using inductively coupled plasma mass spectrometry (ICP-MS), conducted by Marine and Freshwater Research Laboratory Environmental Science at Murdoch University (Perth, WA). The sample was accurately weighed into a Teflon beaker and digested using hydrochloric acid (15 mL, 32% wt. ultra-pure), nitric acid (5 mL, 65% wt. ultra-pure) and hydrofluoric acid (8 mL, 50% wt. A.R.). The digestate was reduced to incipient dryness with the residue then dissolved with hydrochloric acid (0.5 mL 32% wt. ultra-pure), nitric acid (0.2 mL, 65% wt. ultra-pure) and water (5 mL, 18 MΩ.cm). The solution was quantitatively transferred to a suitable container and made up to 10 mL gravimetrically, and was assayed using an Agilent 7700x ICP-MS.
Elemental compositions of the samples were determined using X-ray photoelectron spectroscopy (XPS), conducted by Surface and Chemical Analysis Network (SCAN) at the University of Melbourne. XPS data was acquired using a VG ESCALAB220i-XL spectrometer equipped with a hemispherical analyzer. The incident radiation was monochromatic Al Kα X-rays (1486.6 eV) at 220 W (22 mA and 10 kV). Survey (wide) and high resolution (narrow) scans were taken at analyzer pass energies of 100 eV and 50 eV, respectively. Survey scans were carried out over the binding energy range from 0 -1200 eV with 1.0 eV step size and 100 ms dwell time. Narrow high resolution scans were run over 30 eV binding energy range with 0.05 eV step size and 250 ms dwell time. Base pressure in the analysis chamber was below 7.0 x 10 -9 mbar and during sample depth profile analysis it was 1.5 x 10 -7 mbar. A low energy flood gun was used to compensate the surface charging effect. Argon ions at 5 keV beam energy were used to sputter off approximately 18 nm surface layers at a rate of ~3 Å/second. The ion source gave a crater of approximately 3 x 3 mm. All data were processed using CasaXPS software and the energy calibration was referenced to the C 1s peak at 285.0 eV.
Nitrate removal test
Palladium(0) doped mesoporous silica (Pd/SBA-15) samples were individually mixed with an artificial aquatic-media at a buffered pH of around 7.5 which is mainly composed of phosphates, nitrates, carbonate buffer, micronutrients and vitamins. 2 Three different loadings of the same adsorbent (10 mg; 25 mg; 50 mg) were separately mixed with nitrate containing aquatic media (1.5 mL). Each mixture was then hand-vortexed for about 60 seconds for initiating the experiments, followed by gentle mixing throughout the entire experiment with an Eppendorf tube Rotator (Stuart Rotator, SB3) at a constant rotational speed of 25 rpm. The amount of nitrate ions remaining in the solution was monitored at various time intervals (0, 4, 8, 16, and 24 hours). Before each analysis, the mixtures were centrifuged at 9390 x g for 5 minutes, and particle-free supernatants were collected for their spectrophotometric analysis. Collected liquid samples were subjected to nitrate-nitrogen (NO 3 --N) assay via colorimetric "cadmium reduction method". 3 Nitrate analyzing kits (HACH ® , NitraVer ® Nitrate Reagent Powder Pillows) were employed before reading the nitratenitrogen concentration of the supernatant by a colorimeter (HACH ® DR/870). Table S1 . Calculated d-spacings for reflections identified in Figure S1 . Element mapping of the calcined materials was performed using Energy-dispersive X-ray spectroscopy (EDS) via SEM. The mapped images were taken using backscattered electron detector at an accelerating voltage of 8 kV. Figure S5 .
Materials characterization
XPS spectra of Pd/SBA-15 with survey scan and high resolution scans under pass energy of 100 eV and 50 eV, respectively.
